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1. 获得了 DNA 模板与半导体纳米粒子之间相互作用的荧光和光电信息 
（1）在 DNA/CdS 纳米粒子复合体系中，DNA 与 CdS 粒子之间主要通过静
电作用结合；DNA 骨架对 CdS 纳米粒子的禁带宽度没有影响；单链和双链 DNA
作为模板和稳定剂合成的 CdS 纳米粒子，比焦磷酸钠保护的 CdS 纳米粒子均具
有更高的表面态，表面态对 CdS 纳米粒子的荧光发射有增强作用，却减弱了光
电化学响应；单链 DNA 复合体系的表面态密度高于双链 DNA 复合体系。 
（2）在 DNA/ZnS 纳米粒子复合体系中，DNA 骨架对 ZnS 的荧光有淬灭作














































Spectroscopic and Photoelectrochemical Properties of 
Biomacromolecules-Semiconductor Nanoparticles Composites 
 
In recent years, the integration of semiconductor nanoparticles and biological 
systems has attracted a great many concerns in biology and medicine field. 
Investigations of biomacromolecules-semiconductor nanoparticles 
conjugates(composites) will provide significant theoretical foundation for the 
biological study and medical diagnosis and assist the construction and operation of 
nano-molecular devices and biosesors. Besides, semiconductor nanoparticles as 
fluorescence biological probes play an important role in biological labeling, 
bio-imaging, and biological detection.  
Accordingly, the emphasis of this thesis is focused on investigating the 
biomacromolecules-semiconductor nanoparticles conjugates and semiconductor 
nanoparticles as fluorescence biological probes. These works can be divides into two 
parts: 
1. DNA/semiconductor nanoparticles composites were constructed utilizing DNA as 
the stabilizers and templates. The influence of DNA on the spectroscopic and 
phtoelectrochemical properties of the composites was investigated, and the 
interactions between DNA and semiconductor nanoparticles were discussed.  
2. Different kinds of fluorescence biological probes based on semiconductor 
nanoparticles were fabricated, and their photo-induced electron transfer with redox 
proteins were studied by spectroscopic characterizations. The influencing factors on 
the interactions were further investigated.  
The main results are summarized as follows: 
1.  The interactions between DNA and semiconductor nanoparticles 















with DNA through electrostatic affinity; DNA scaffolds did not affect the energy band 
of CdS nanoparticles; CdS nanoparticles fabricated by ssDNA and dsDNA templates 
possessed a higher density of surface states than that by Na4P2O7, which enhanced the 
fluorescence while restrained the photoelectrochemical response of CdS nanoparticles; 
the density of surface states in the composites fabricated by ssDNA was higher than 
that by dsDNA. 
(2) In DNA/ZnS nanoparticles composites, DNA scaffolds quenched the 
fluorescence of ZnS nanoparticles. Besides, the quenching due to ssDNA was 
stronger than that due to dsDNA.  
2. Photo-induced electron transfer between redox proteins and semiconductor 
nanoparticles 
(1) There were electrostatic interactions between cytochrome c and 
semiconductor nanoparticles. Ferricytochrome c captured the excited electrons of CdS 
and ZnS nanoparticles under photo-irradiation and was reduced to be ferrocytochrome 
c displayed by UV-Vis spectra, which diminished the radiative recombination of the 
holes and the excited electrons and quench the fluorescence. The fluorescence 
quenching efficiency of cytochrome c varied in different semiconductor nanoparticles 
systems. P2O74－ and L-cysteine located at the nanoparticles/cytochrome c interface 
may act as “bridges” for the electron transfer, while in the systems protected by DNA, 
there was little electron transfer between cytochrome c and nanoparticles. 
(2) The interactions between horseradish peroxidase(HRP) and semiconductor 
nanoparticles included two parts: one is the hydrophobic interaction, which can 
enhance the fluorescence of semiconductor nanoparticles; the other is the electron 
transfer between Fe-protoporphyrin and semiconductor nanoparticles, which can 
quench the fluorescence of semiconductor nanoparticles. But the effects of electron 
transfer may be very small. 
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